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AMEIOCAK MACHIMB & PODNSSBT 

COMFANT, a coiporsdan of the State of New 
JcxBSft Unh£d States of America, ol 261 
MadSsoa Avemie) New Yoak 16, Stale of 
New Tezi:^ United States of Amgrimj do 
herelyy dedare the inventicm, for which we 
pif^ that a patent may be granted to ns^ and 
the mediod fay which it is to be peifonned, 
to be particulatly described in and by die 
foQowing BtBtemeot:—* 

This invention relates to molded and adia^ 
wise shaped thermoplastic products and speci- 
fically to those crasstituted of a phnafity of 
different ion-e3Cchange materials randomly 
mixed tog^er. 

It is wefl-known to make ehapdi articles by 
mlxtng together finely ground ion-exchange 
reams and a thennoplastic binder nmri f a rming 
the mlxtnre into an article such as a sheet or 
memlnane. In icnown articles the ion-esrcfaange 
materiel has been ei&er anicm or cation ex- 
change rean, but not a mhetore of bod) tmea* 
MenSnranes made by hdding tp^Sier 
particles of resin with an inert binder are 
known as heterogeneous and dii^lay two dis- 
tinct phases in that the ifflrricligft can be picked 
oQt of or distmguisbed within the a^eshe 
matrix. 

It is also known to make diaped arttdea 
from a sIq^ kind of ion-exdiange material^ 
such as cation-exchange material^ m wiiidi dm 
material is in a sfogle contunxnu phase. Gener- 
ally these are neady transparent. Sncfa ardcles 
are oansadered to be homogeneous. 

. Ion-exchange materials are also known which 
are homogeneous ihesmoplaBdc polymers. 
Graft copolymers of poiyethykoe and styrene 
sulfonic adda fc« CKarnpTc, are formed as ion- 
exchange particles wblot are pressed together 
as dieets or membranes in Patent Spe^Gca-- 
tion 926,477. 

Previously it has been known to make 
shaped articles containii^ ion-cxdiange groups 
of dther the cation-exdiang^ ox anion-exchange 


category, but prior xo this invendon no shaped 45 
ardde was known oQntainmg random, XBDld{diPi 
synditticy oreanic^ thermoplastic lan.-«xdiange 
materials of botb cat^otieSi 

None of the pnor ion-exchange manofoe- 
tnrea have inclDaed bodi amen and cadoo- 50 
en^iange properties. Sudi a combination o£ 
pnvperdes is useful m a battery s^oiatorj lor 
eaommle. As SMmbtanes these materials may 
also be used as noMdecdve or low selectivity 
ion permeable barriers in electrodialysis and 55 
in px^me dialysis or in fad cells. 
^ According to the present tnventlon we pro- 
vide a medxsd of making a compodtioa of 
ma tte r oompristng mfrfng together at least 
two ion-exchange materials, one of wkaxh is 60 
predominantly a cadou'-exdbange materiai and 
anotlier of \rtddi is predominantly an antaa- 
exchange material, and the ion-exdiange 
materials are organic polymers which are ion 
conductive in an electric fidd, and at least 65 
<»ie of said p olyme ra ia thexxnoplastic^ to form 
a random mixtore and thereafter sobjecdng 
said mixture to pre s sme at a temperature at 
which the theimoplasdc matiH^aT bonds die 
ion-exchange materials together into an integral 70 
8df-aiq)pQrtiQg mass. Whsa particles of ion- 
exdtange mixi^ pdymcr materials are pressed 
togedier and headed, or are treated on the sur- 
face at least with a solvesot \diich partially 
softens diem» they may be formed into useful 75 
^ped artides* The structure of the ardde ia 
gexieraBy homogenous and shows a oontinnoas 
transhicent phase. The arddes themsdves may 
be further sh^^ed or wdded together to make 
larger fcmns; and (^)enings and crad» may 80 
be patdied by welding. Ions of both signs will 
be conducted throng^ the arddes vdien dsey 
are used as barriers between dcctrolyte «)lu- 
dons in an dectric fidd. By varying die pro- 
pordons of n^adve and posMve resin tt is $5 
possible to control ion transput selectively. 

For the purpo^ of die Invendon it is posr- 
sible to use any orgamc polymers which can 


2 


1,048,026 


be mixed in pardcolate ^orm and caased to 
adhece together to form a mechamcally 
coherent compofntion* 
The pardcniate material may have a mesh 

5 ffze of 15 to 75 United States of America 
Standard mesh size 

The compositian is ion-oonductive and may 
be ion-sdective wbsn a pr^mndetance 
^her odon or anion maienal is used to 

ID make it Additional plasddzer, reinfotcement 
Bodi as fibers^ or dye material may be in- 
cluded in the oom^ioatkn^ but generally octta 
adhedve is not xxsed. However, y^ien pdy- 
ediykoe base ion-exdiaiige material is us&i, 

15 it is sometimes vsefnl to include a minor 
amount of other polyolefin material sudi as 
tetEafloKoediyiene in order to impart chemical 
stainli^ or heat stability and al»> to dilute the 
Gxdiange capaoty. It is also mefd to mK 

20 particles of diffivait polymer types such as 
po]yeih]dene styrene sulfonic acid with poly- 
tettafiumoedi^ene sg^rene $ulf<Milc add. Sudi 
ft miztuie oonAines the diemkal resistanoe 
the fluompolvmer and the eariet hooding pro- 

25 pmies of pol^i^yiene« 

By a medmrncallv coherent random mix- 
ture is meant that the constituent ingredients 
are assockted widi each other so they 
hold tagetfaer wzdiom necessarily bdng 

30 arranged in am particular pattern and are 
self-supporting m useful shapes and sizes. 

A predominantly cation-ochange material 
may contain some ankm-eschange groups in 
low proportion to cadon^exchange groups and 

35 vice vma. 

The pr^ent invention indndes only organic 
polymers as the ion-ezdiange matenaL This 
material vrfien used as a barrier b^reen two 
aqueous dectrolyte solutions is ion-omductive 

40 \^ben a direct ekctdc current is inqnnessed 
across it and the sdutions. According, ion- 
exchange groidps extoid thron^out the 
material, since if they were pres^ only in 
surface layers, die inert interior would blodk 

45 movement of ions and serve as an electrically 
ittsolatmg baida. 

An integral sdf-supporting mass^ can be 
^ped ana formed and is scAistantially im- 
pervious to fluid except for local swelling and 

50 ion ^idl transpc^ incmding fior example water 
of hydratian. The themioplasdc matmal seals 
the interstices between areas of ion-exdiange 
material so that fltdd does not flow or diffuse 
therebetween. 

55 EsAUViE I 

A cation-exdnsge matoial is made by 
pladng poly^hyiene resn partides of den^ 
0.^ in sumomo'^rade serene ficee from pol^ 
medzaiian t^ybiKrtftr and containing a catalyst 

60 TO. 0X5% benso^ peroxide and heating the 
smpoision at 75^ mitil the parddes have 
hicreased in weiight about 25 per cent. 
Whoeupon the particniate graft copolymer so 
fatmed is sq>araxxl, from die styren^ washed 

65 widi etl^fenediddoridet and tiien treated with 


a 10 per cent sofaidon of ddoro^dfonic add 
in etfa^ene dichloride at 25^ for two hours. 
Afiter a second wasAilog in etli^ece didiloride 
the partides are air^^iried and then hydrolyzed 
in 5 per cent aqueous sodium hydroxide for 70 
about 18 hours. Tlie csticHi-erchange particles 
so formed are then washed in water and dried. 

Anion-exdiange material is made from the 
same o^^olymer by treatment <^ the catio^ 
exchange matorial with 15 per cent stannic 75 
chloride and 5 per cent {Kuaformalddiyde hi 
ddorometh^^ meth^ etfa^ for one hour at 
75^9 waiddng with edsylene dichl<^ide^ trrat- 
ment widi 20 per cent aqueous trimethylaniine 
for 18 hoats> followed by washing witii 5 p^ go 
cent hydrodilodc actdi and wasbmg mb 
water. 

iVIaterial made according to specification 
Patott 92M77 may be substituted far the 
above. ^ 85 

Findy divided pieces of the two materials 
made above are air dried and then 10 parts 
of eadi are intezmiod. The mixture is placed 
cm one piece of aluminum fbO, patted down 
to form a layer about 0.01 inches tiilcfc, and 90 
covered vritii another piece of ahiminnm foil 
The wrapped layer is placed in a labOTatiHy 
press at 150^ and then subj^ited m 1(K)0 
psi for two minutes. A dear self-supporting 
film of flexible amphoteric ion-exchange mem- 95 
braue is thus made. Pressure may range up to 
about 15J0OO psL 

Example II 

Seven parts of the cation-exchange material 
of Example I, two parts of the anion ^- 100 
change m^rm^l of Bxiuiiple I3 and one part 
of polyethylene pellets of 0.92 den^ axid a 
men index of 10-— 15 are dionn^y ioter^ 
mixed and by die mediod <^ Example I sub- 
jected to 1000 psi for three mhiutes at 160<K1 105 
in a mold to form a molded artide in the form 
of a disc havhig hoks and pxo|ectmn9 for 
mffdffln? c?t mounting. 

Seven parts of die cation-exchange material 110 
of Example I 00 med>) and three parts of a 
porous polystyrene quaternary amine lon-cx- 
diange resin available frcm the Bobm and 
HAna Co. of Fhikdelphia, P^ as Ambfrihe 
(R^isiaed T^ Mark) IRA^Ol of about 115 
20 to 50 mesh are thorou^ily mixed and sub- 
jected to 1000 psi five minotes at 175^C 
by the mediod of Exan^le I and formed fmo a 
^eeL 

WHATWE CLAIM IS:— 120 
1. A metiiod of making a cnmposftion of 
matter canmrising mixiDg together at least 
two ion-exchange material, one of wfakh is 
psredominamly a cation-exc^ge material and 
another cf nmdi is predomin^itiy an anicm- 125 
exchange material, and the ion-exchange 
materials are organic polymers which are Ion 
conductive in an dectric fidd, and at least one 
of sud polynKis is tfaecmoptestiG^ to form a 
randmn mixture and thereafter su^ecthxg said 130 


10 


nuztnte to pressure at a tenrperatnre at 
which tlie ibacmoplastic material bonda the 
MO-caohaiM Tnanriab togedwr into on 
wtft^gial seff-simpoiiiiig inass. 

Z A ttetfaod aocordiog to daixn 1 in nAich 
Ae smiate ioa-ezcfaaage nateiialB ate too- 
vided in the fcxrm of particles. 

3. A me^HMl acondipg to any of the pre- 
ccdnig daims wherein at least coe polymer is 
fflade by cfalorosnlplionaticg polyetltykoe par- 
tides that hm been treated with mrnifirnffrfr 
s^zene and a oBta]^ 


4. A method according to any of the pro- 
ceding claims in whidi the integral self-si^ 
pordng mass is shaped into a film to form an 
um-^change memtoane* 

5. A method as daimed in daim 1 substan- 
tialltr as bodoMxre described. 

Por t he AppKcauts: 
MATTHEWS, ffiDDAN & CO^ 
Chartered Patent Agpnts^ 
31/32, Bedfmi Street^ Strand, 
London, W*C2. 
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